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Introduction
Stroke	 often	 results	 in	 both	 motor	 impairment	 and	 cognitive	
deficit.	Motor	deficits	are	however	typically	more	obvious	than	
cognitive	problems	to	patients	and	their	carers	and	rehabilitation	
efforts	 often	 focus	 on	 attempting	 to	 improve	 limb	 function	
rather	 than	 on	whether	 the	 patient	 has	 trouble	 planning	 their	
day	for	example.	However,	even	when	stroke	is	considered	mild	
or	patients	 show	good	 recovery,	 cognitive	deficits	are	common	
[1,2].	 In	 the	 first	month	 post-stroke	 49	 to	 91%	 of	 the	 patients	
suffer	 cognitive	 impairment	 in	 at	 least	 one	 cognitive	 domain	
[3,4].	 Frequently,	 these	deficits	 are	 persistent,	 lasting	 for	 years	
[5].	 Since	 cognitive	 impairment	 can	 affect	 social,	 professional	
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Results:	 20	papers	were	 included	 in	 this	 review.	Measures	of	gait,	balance	and	
limb	function	were	consistently	correlated	with	aspects	of	attention	and	executive	
functioning	 in	9	studies.	Correlations	were	 robust	when	objective	measures	 for	
specific	functions	were	used,	while	results	based	on	subjective	or	global	measures	
tended to be more heterogeneous. 
Conclusions: Motor	 and	 cognitive	 impairment	 appear	 to	 be	 linked	 in	 stroke.	
Studies	which	assessed	correlations	between	the	two	domains	in	the	same	patients	









success	[10,11],	 it	 is	 important	to	assess	both	domains	-	motor	
and	cognitive	in	the	same	patients.
The	 link	 between	 motor	 deficit	 and	 cognitive	 impairment	 has	
not	specifically	been	a	subject	of	interest	in	stroke	research	until	
now,	 while	 this	 link	 was	 made	 in	 other	 populations,	 including	
healthy	people	and	patients	with	neurological	disorders.	Motor	
and	 cognitive	 performances	 were	 investigated	 simultaneously	
in	a	number	of	studies	 in	healthy	people.	 In	children	aged	5	to	
6	 years	 a	 link	between	 specific	aspects	of	motor	 and	 cognitive	
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reduced handgrip strength predicted an accelerated decline in 
both	ADL-	and	global	cognitive	functioning,	the	latter	evaluated	
using	the	Mini	Mental	State	Examination	(MMSE)	[16].
In	 neurological	 populations,	 a	 link	 between	 motor	 deficit	 and	
cognitive	 impairment	 has	 also	 been	 reported.	 In	 Parkinson’s	
disease	 different	 types	 of	 motor	 impairment	 were	 associated	
with	 specific	 cognitive	 deficits,	 including	 deficits	 in	 attention,	










between	 motor	 deficit	 and	 cognitive	 impairment	 in	 the	 same	
stroke	patients	as	well	as	to	assess	which	aspects	of	these	(global)	
domains	are	linked.	Our	goal	is	to	determine	if	there	is	a	specific	





December	 2014	was	 carried	 out	 using	 the	 following	 electronic	
databases:	 PUBMED,	 EMBASE,	 PsycINFO,	 PsycARTICLES	 and	
Psychology	 and	 Behavioral	 Science	 Collection.	 The	 following	
keywords	(and	combinations	thereof)	were	used:	stroke,	cerebral	
vascular	 accident,	 cerebrovascular	 accident,	 cerebrovascular	
disorders	or	cerebral	hemorrhage,	cogniti*,	cognitive,	attention,	
executive	 function,	 executive	 control,	 executive	 function,	
psychomotor	 performance,	 processing	 speed,	 visuospatial	
function,	visual	perception,	space	perception	or	memory,	gait*,	
gait-variability,	walk,	walking,	locomotor	behavior,	motor	activity*,	
motor skills, hand strength and hand grip strength. Searches 
were	 limited	 to	 human	 subjects	 and	 papers	written	 in	 English.	
Reference	sections	were	hand	searched	for	relevant	articles.	Only	
studies	which	assessed	and	subsequently	statistically	evaluated	












the	 results	 come	 from	 different	 populations	 and	 both	 were	
therefore	 included.	 Reference	 sections	 were	 explored	 and	 4	
additional	papers	were	identified.	Figure 1	shows	the	details	of	
the search strategy.
General characteristics of the studies
A	 prospective	 design	 was	 employed	 in	 all	 of	 the	 20	 included	
papers.	 In	 5	 studies	 no	 specific	 in-	 or	 exclusion	 criteria	 were	
applied	[24-28].	In	the	remaining	15	papers	specific	criteria	were	
applied	including,	for	example,	age	at	time	of	stroke	or	minimum	
scores	 on	 certain	motor	 or	 cognitive	 screening	 scales	 or	 tasks.	
Only 2 of the total 20 studies included a control group (healthy 
[29]	or	infantile	hemiplegia	patients	[30]).	The	sample	sizes	varied	
from	13	to	315	participants.	Mean	age	of	the	samples	varied	from	
57.1	 to	 78	 years.	Diversity	 in	 time	post	 stroke	was	 substantial,	
ranging	 from	1	week	 to	more	 than	6	years.	 In	assessing	motor	
impairment	 35	 different	 measures	 were	 used	 across	 studies;	
only	 8	 of	 these	measures	were	 used	 in	more	 than	 one	 paper.	








papers included is presented in Table 2. 
Motor and cognitive impairment assessed at the 




Positive	 correlations	 between	 objective	measures	 of	 basic	 gait	
and	 cognitive	 flexibility	 were	 found,	 while	 no	 correlation	 with	
working	memory	was	 found	 [31,32].	More	 complex	 gait	 tasks,	
with	 additional	 demands	 on	 EF,	 were	 correlated	 to	 response	
inhibition,	planning	and	behaviour	regulation	[31].	Gait	velocity	
(walking	at	normal	pace)	did	not	correlate	with	the	MMSE	[28]	
or	 with	 more	 specific	 functions,	 including	 cognitive	 flexibility	
or	 working	 memory	 [32].	 Locomotion,	 evaluated	 by	 a	 motor	
rating	scale,	and	the	cognitive	component	comprehension	were	
found	to	correlate	at	4	points	in	time	in	one	study.	The	link	with	






flexibility	 [32],	 sustained	 and	 divided	 attention	 [22],	 auditory	
selective	 attention	 [23,34]	 and	 visual	 selective	 attention	 [23]	
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stroke	 a	 correlation	 between	 functioning	 of	 the	 affected	 arm	
and	 sustained	 attention,	 but	 not	 divided	 attention,	was	 shown	
2	 years	 post	 stroke	 [26].	 In	 a	 sample	 of	 the	 general	 stroke	
population	relatively	high	correlations	were	found	between	arm	
and	 leg	 motor	 function	 and	 visuospatial	 construction	 [27].	 In	
right	hemisphere	stroke	visuospatial	 impairment	was	related	to	
dexterity errors in the ipsilateral hand [35].
Subjective motor performance
In	 6	 studies	 motor	 functioning	 was	 evaluated	 using	 rating	
scales	 completed	 either	 by	 clinicians	 [24,30,36,37]	 or	 patients	
themselves	 [29].	 The	 motor	 subscale	 of	 the	 Functional	
Independence	Measure	 (FIM)	was	 used	 in	 a	 longitudinal	 study	
and	 a	 correlation	 with	 visuomotor	 organization	 was	 found	 at	
consecutive	points	in	time	[36]	in	populations	with	both	neglect	
and	non-neglect.	In	a	sample	of	stroke	patients	without	neglect,	






1.  PUBMED, PsycINFO, PsycARTICLES,  
Psychology and Behavioral Science Collection 
2.  EMBASE 





32 papers screened on abstract and / or full text 
evaluation for eligibility 
 
inclusion criteria 
   stroke population 
   empirical article 
   measures for both motor and cognitive functioning 
   link between motor and cognitive functions  
   analyzed using statistical procedures 
   no dual-task paradigm 
   no  
    
  
    
    
Computerized search of databases 
18 papers screened on abstract and / or full text 
evaluation for eligibility  
 
inclusion criteria 
   stroke population 
   empirical article 
   measures for both motor and cognitive functioning 
   link between motor and cognitive functions  
   analyzed using statistical procedures 
   no dual-task paradigm 
 
 
20 papers excluded,  
because they did not  





16 papers included in the systematic review 
4 handsearched papers included, from 
reference sections of included papers  
20 papers included in review 
4 papers included 
 
14 papers excluded,  
because they did not  
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the	FIM	was	found	[37].	The	remaining	studies	used	other	motor	
rating	scales,	and	found	low	to	moderate	correlations	with	several	
cognitive	 measures,	 including	 visual	 attention	 [38],	 while	 on	 the	
other	hand	no	correlation	was	found	with	visual	perception	[24,30].	
Finally	 a	 significant	 correlation	 between	 physical	 functioning,	 as	
evaluated	 with	 a	 self-report	 functional	 outcome	 measure,	 and	
divided	attention	was	reported	[29]. 





rating	 scales	 predominated,	 while	 cognitive	 functioning	 was	
assessed	with	either	a	global	cognitive	measure	(MMSE)	[40,41]






The	 relation	 between	 motor	 and	 cognitive	 impairment	 after	
stroke	within	 the	 same	patients	 and	using	 separate	 (objective)	
tasks	or	(subjective)	rating	scales	for	each	domain	was	explored	
in	 the	 current	 review.	 Five	 of	 the	 included	 studies	 focused	 on	
predicting	motor	outcome	and	consistently	showed	that	higher	
cognitive	 status	 in	 the	 acute	 phase	 of	 stroke	 predicted	 better	
motor	outcome	in	the	longer	term.	More	importantly,	we	found	




post-acute	 phase	 of	 stroke.	 The	 strength	 of	 the	 correlations	
appeared to depend on the	 type(s)	 of	 instruments	 used.	 They	
were	 more	 robust	 for	 objective	 measures	 assessing	 specific	
functions	 and	weaker	or	more	heterogeneous	when	 subjective	
(rating	scales)	or	global	(screening)	measures	were	used.
Attention	 and	 EF	 were	 the	 focus	 across	 studies	 when	 specific	
cognitive	 domains	 (rather	 than	 global	 screening	 instruments)	
were	 assessed.	 The	 link	 between	 various	 aspects	 of	 motor	
impairment	and	specific	attention	deficits	has	been	consistently	
shown	 in	 stroke	 [22,23,26,29,34].	 Findings	 for	 a	 link	 between	
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the	possibility	 that,	 as	 shown	 in	 a	meta-analysis	 [42],	 different	
executive	 tasks	 rely	 on	 different	 neural	 substrates	 suggesting	
that	a	broad	neural	network	is	likely	for	EF.	In	two	papers	motor	
functioning	was	not	related	to	working	memory	[31,32].	However,	




Our	 systematic	 review	 has	 several	 limitations.	 Overall,	 a	 small	
number	 of	 papers	met	 the	 selection	 criteria	 and	 details	 about	
severity	or	other	clinical	variables	were	often	lacking.	In	addition,	
in-	 and	exclusion	 criteria	 varied	between	papers,	 in	3	papers	a	
minimum	score	on	the	MMSE	was	required	to	 include	patients	
(range	 18-24	 items	 correctly	 answered),	 while	 in	 3	 other	
papers	 a	modified	MMSE	or	 an	 alternative	 cognitive	 screening	
task	 was	 applied,	 reducing	 the	 range	 of	 cognitive	 impairment	
in	 these	 samples.	 Furthermore,	 methodological	 differences	
between	studies	were	widespread	making	comparison	between	
studies	difficult.	 Finally,	 all	 papers	 included	 in	 this	 review	used	
correlational	 analyses	 to	 link	 motor	 and	 cognitive	 functioning	
within	 the	 same	 patients,	 and	 although	 links	 were	 found	 (see	
above),	no	causal	inferences	can	be	made.	
More	 research	 is	 clearly	 needed	 in	 order	 to	 investigate	 the	
specific	 links	at	both	 the	behavioral	 and	neural	 levels	between	
motor	 deficit	 and	 cognitive	 impairment	 in	 stroke.	 Our	 review	







correlated,	 despite	 the	 heterogeneity	 in	 populations,	 designs	
and	tasks	used	 in	 the	studies	 included	 in	this	 review.	The	most	
consistent	 finding	 was	 that	 disturbances	 of	 gait,	 balance	 and	
limb	 function	were	 often	 accompanied	 by	 deficits	 in	 attention	
and	 EF.	 Objective	 measures	 for	 specific	 motor	 and	 cognitive	
functions	 were	 also	 more	 valuable	 in	 finding	 this	 link	 than	
subjective	 measures.	 Unfortunately,	 subjective	 measures	 are	
more	 commonly	 employed	 in	 clinical	 practice,	 perhaps	 due	 to	
the	 fact	 that	many	of	 these	measures	can	be	quickly	achieved.	




also	 assessing	 the	 other	 domain.	 Both	 cognitive	 and	 motor	
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may	 be	 underlying	 cognitive	 impairment	 too	 and	 that	 both	
domains	 should	 be	 assessed	 and	 evaluated	 before	 the	 patient	
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